was optimal for better maternal and neonatal outcomes in preterm births. However, findings remain unclear. Therefore, this secondary analysis of World Health Organization Global Survey (GS) and Multi-country Survey (McS) databases was conducted to investigate outcomes of preterm birth by mode of delivery. Our sample were women with singleton neonates (15,471 of 237 facilities from 21 countries in GS; and 15,053 of 239 facilities from 21 countries in MCS) delivered between 22 and <37 weeks of gestation. We assessed association between mode of delivery and pregnancy outcomes in singleton preterm births by multilevel logistic regression adjusted for hierarchical data. The prevalences of women with preterm birth delivered by CS were 31.0% and 36.7% in GS and MCS, respectively. Compared with VB, CS was associated with significantly increased odds of maternal intensive care unit admission, maternal near miss, and neonatal intensive care unit admission but significantly decreased odds of fresh stillbirth, and perinatal death. However, since the information on justification for mode of delivery (MOD) were not available, our results of the potential benefits and harms of CS should be carefully considered when deciding MoD in preterm births.
showed that CS could improve outcomes of preterm neonates [5] [6] [7] , while other studies suggested that VB was protective against neonatal death 8 . Yet others demonstrated that there was no significant difference in neonatal mortality between both groups [9] [10] [11] [12] [13] [14] . Moreover, impact of mode of delivery (MOD) may vary by fetal presentation. For non-vertex-presenting fetuses, CS has been reported to reduce risk of neonatal mortality [15] [16] [17] [18] , but evidence was less clear for vertex-presenting fetuses 15, 17, [19] [20] [21] [22] . For mothers, CS seems to cause more severe adverse outcomes 13, 23 . Randomized controlled trials (RCTs) had also been conducted to address this question, but planned sample sizes could not be met due to difficulties in recruiting pregnant women [24] [25] [26] [27] [28] . A systematic review that assess effects of planned immediate CS versus planned VB for women in preterm labour could include only six RCTs, and involved a total of only 122 women 9 . Consequently, there is little high-quality trial data regarding effects of MOD on outcomes for preterm neonates to guide clinical practice. The World Health Organization (WHO) has indicated that there is insufficient evidence to inform which MOD is optimal for preterm infants 29 .
A clear understanding of maternal and newborn outcomes for different modes of preterm birth could guide clinicians and mothers in making appropriate decisions. This analysis aimed to investigate the relationship between MOD and pregnancy outcomes among women giving preterm birth in two large WHO multi-country surveys.
Results
A total of 286,565 and 314,623 pregnant women were available from the WHOGS and WHOMCS datasets, respectively. From these two databases, 15,471 and 15,053 women with a singleton delivery from 22 to <37 weeks of gestation were eligible and included in the analysis ( Fig. 1 ). Of the eligible women, the prevalence of CS in these preterm births in WHOGS and WHOMCS were 31.0% and 36.7%, respectively. Table 1 presented the maternal and perinatal characteristics of the CS and VB groups in WHOGS and WHOMCS. We found that maternal age, maternal education attainment, parity, underlying disease, preeclampsia and eclampsia, gestational age, fetal presentation, corticosteroids administration, newborn's sex and birthweight were significantly different between CS and VB in both WHOGS and WHOMCS; but marital status was significantly different only in WHOMCS.
Adverse pregnancy outcomes by modes of delivery.
For women with a singleton preterm birth, the prevalence of MICU admission were 3.7% in GS and 1.9% in MCS, maternal near miss was 1.7% in MCS (no information on maternal near miss in GS) and maternal death were 0.2% in GS and 0.3% in MCS. Women with CS was significantly associated with increased odds of MICU admission (aORs (95% CIs): 3.7 (1.6-8.5) in GS and 5.0 (3.3-7.7) in MCS), and maternal near miss (aOR (95% CI): 3.7 (2.6-5.4) in MCS). However, it was not significantly different in term of maternal death (aORs (95% CIs): 1.0 (0.4-2.4) in GS and 1.0 (0.5-2.2) in MCS) ( Table 2) .
The prevalences of Apgar score <7 at 5 minutes, NICU admission, fresh stillbirth, early neonatal and perinatal death were 11.9% and 8.3%, 33.1% and 36.4%, 4.6% and 6.3%, 4.5% and 5.9%, and 8.6% and 11.9%, in GS and MCS, respectively. Delivery by CS was associated with significantly increased odds of NICU admission (aORs (95% CIs): 2.5 (2.1-2.9) in GS and 1.7 (1.4-2.0) in MCS), but decreased odds of fresh stillbirth (aORs (95% CIs): 0.4 (0.2-0.6) in GS and 0.4 (0.3-0.6) in MCS) and perinatal death (aORs (95% CIs): 0.6 (0.5-0.8) in GS and 0.6 (0.5-0.8) in MCS) compared to those delivered by VB. The odds of early neonatal death was not significantly different between CS and VB (aORs (95% CIs): 1.1 (0.8-1.6) in GS and 1.1 (0.9-1.5) in MCS). Neonates delivered by CS was found to be associated with significantly decreased odds of having APGAR score <7 at 5 minutes but only in GS (aOR (95% CI): 0.8 (0.6-0.9)) compared to those delivered by VB (Table 3) .
There was a broadly consistent pattern for newborn outcomes, when stratified by vertex and non-vertex presentation. Significant reductions of fresh stillbirth and perinatal death were noticed in non-vertex presenting neonates delivered by CS than those with vertex presenting neonates (Tables S1 and S2) . www.nature.com/scientificreports www.nature.com/scientificreports/ Similar patterns with the primary analysis of perinatal outcomes were seen across all gestational age subgroups, as well as the regions with consistent reductions in fresh stillbirth associated with CS compared to VB (Tables S3-S7 ). 
Discussion
Our analysis indicated that in women with preterm singletons, CS was associated with increased odds of MICU admission, maternal near miss (but not maternal death) compared to those delivered by VB. It was also associated with increased odds of NICU admission, but decreased odds of fresh stillbirth and perinatal death. The study also found that the odds of Apgar score <7 at 5 minutes and early neonatal death were not significantly different between CS and VB.
Our major strength was that we utilised two large WHO multi-country databases to evaluate association between MOD and outcomes of preterm birth using standardized data collection methods. This study had a large sample size to detect the association of MOD on relatively rare maternal outcomes (i.e. maternal death and maternal near miss). Although a RCT might be feasible, it would be very difficult to obtain enough sample size to evaluate the association between MOD and important (but statistically rarer) outcomes in preterm birth [24] [25] [26] [27] [28] . Therefore, observational designs could be a more practical approach to assess possible associations.
Nonetheless, some limitations need to be considered. First, we had information on mortality, morbidities only up to hospital discharge or seven days after delivery, and no information of long-term pregnancy outcomes, we therefore could not evaluate overall risks and benefits of MOD. However, death and severe morbidities occuring after discharge from hospital should be comparatively rare. Second, despite adjusting for potential confounding factors, there might be some other factors that we could not account for. For example, the decision regarding selection of MOD could be due to specific circumstances, i.e., obstetricians might be unwilling to perform CS for fetuses with little chance of survival in order to avoid any risks to the mothers. Alternatively, a CS might be performed because the fetus had fetal distress. Unfortunately, we didn't have information about justification for MOD. We also performed subgroup analyses by severity of preterm birth, and excluded those with birth weight <500 g and congenital malformation. The results of subgroup analyses confirmed the primary analysed results. Third, since data were collected from patients' records, some information might be missing. Fourth, admission criteria to ICU was likely to be different between settings, and women or newborns may not be admitted due to unavailibility of beds. Fifth, data of gestational age was recorded in completed weeks based on the best available obstetric estimate but method of estimation was not recorded. As poor gestational age data can potentially confound our findings, we therefore tried to maximise the validity of this information by excluding facilities with poorer gestational age data. Lastly, our findings can be generalized only to hospitals with more than 1,000 births per year and those able to perform.
Our study found that CS was associated with increased odds of adverse maternal outcomes. The explanation is that CS is an invasive surgical procedure, which puts a mother at higher risks of morbidities and mortality. It is possible that some maternal underlying diseases as well as obstetric complications might lead to CS, and affect maternal outcomes, which complicates the assessment of the risk of CS. However, these factors were already taken into account in our analyses. Like our study, others also illustrated that CS (either for preterm or all births) was associated with increased risks of adverse maternal outcomes 13, 30, 31 . However, there was no significant difference in the odds of maternal death between CS and VB. This finding was similar to a prospective four-year observational study, involving 3,119 women with singleton preterm pregnacy of 24 to 36 weeks of gestation at 19 academic medical centers in United States 32 .
Among preterm birth, neonates delivered by CS was associated with increased odds of NICU admission. One explanation might be that neonates delivered by CS was due to fetal compromise (i.e. fetal distress). Therefore, they were more likely to be admitted to NICU for further specialized care. Sangkomkamhang et al. showed a significantly shorter length of hospital stay in infants delivered vaginally than those delivered by CS 13 .
In vertex-presenting fetuses, MOD was not associated with Apgar score <7 at 5 minutes. This was also found in previous reports 9, 13, 21 . Likewise, CS was not associated with the odds of early neonatal death. This finding was consistent with previous studies 9, 13, 21, 22, 33, 34 . However, it was contradicted with another study in United States 20 . This might be due to difference in study population. Werner et al. recruited preterm births from 24 to 34 weeks of gestation but only those with appropriate birthweight for gestational age. In vertex presentation, we also found lower odds of fresh stillbirth in CS group than VB group. One explanation could be that CS prevented neonates from a potentially stressful labour encountered in VB. CS also offered vertex-presenting neonates no significant difference for the odds of perinatal death compared to VB. This finding was in line with the work of Wallace et al. 27 , a RCT which involved 38 vertex-presenting singleton preterm pregnancies of 26 to 33 weeks of gestation in the United States.
Similar findings were found for moderate preterm birth: CS was associated with decreased odds of perinatal death. Different with our findings, Malloy et al. found that CS was associated with increased odds of early neonatal death 8 . The explanation might be that they included a much more restricted group of preterm fetuses with birthweight ranges that varied for specific gestational ages. Different findings were found for very preterm births. The odds of perinatal death was decreased in those delivered by CS in MCS, but was not different in GS. One explanation might be due to improvement of health care services over time, which increased the chance of survival for these neontates. The WHOMCS was conducted more recently (2010-2011) than WHOGS (from 2004-2008) so improvements in quality of care were not unlikely. In MCS, for extremely preterm fetuses, CS was associated with reduced odds of fresh stillbirth, but there were no differences in other outcomes, i.e. Apgar score <7 at 5 minutes, early neonatal death and perinatal death. These findings were consistent with others 15, 17 . However, in GS, for extremely preterm birth, CS was protective for fetuses from the odds of perinatal death.
Additionally, our study upheld the hypothesis that for non-vertex fetuses, CS was associated with reduced odds of Apgar score <7 at 5 minutes, fresh stillbirth and perinatal deaths. These might be the results of avoiding difficult labour and delivery which allowed a less stressful or traumatic birth in CS than VB. Previous studies were also in accordance with our findings 15, 17, 18 Our findings suggest that there might be benefit if carrying out CS for preterm birth with non-vertex presentation. For vertex-presenting fetuses, health care providers should counsel pregnant women and their families about benefits and harms before selecting MOD. Further well-designed prospective observational studies are needed to assess the effect of MOD on pregnancy outcomes in preterm births. Study population. For this analysis, we included only facilities that participated in both surveys, with at least 100 deliveries in total and with 5% or less missing information on gestational age. We also excluded facilities with unreliable gestational age data, defined as facilities with more than 70% of total deliveries at a specific week of gestational age, or with preterm birth rate more than 30% or less than 1%. Thus, there were 237 and 239 health facilities in WHOGS and WHOMCS, respectively, from 21 countries included in this analysis. We included singleton pregnant women who delivered between 22 and <37 weeks of gestation and their newborns (regardless of vital status at birth). Exclusion criteria included women with ectopic pregnancies or abortion; pregnancies with a documented congenital malformation, or where birth weight was unknown or <500 g (Fig. 1) . Pregnancies ending with macerated stillbirth were also excluded, since these likely occurred prior to the onset of labour.
Methods

Definitions of variables.
Our main independent variable was MOD, which was categorized as VB or CS.
Adverse pregnancy outcomes included adverse maternal and perinatal outcomes. For maternal outcomes, we used maternal intensive care unit (MICU) admission, maternal near miss, and maternal death up to hospital discharge. Maternal near miss was defined as a woman who presented with any life-threatening condition and survived a complication during pregnancy, childbirth or within 7 days of termination of pregnancy (this outcome was captured only for the MCS database). For perinatal outcomes, we used APGAR score <7 at 5 minutes after birth, neonatal intensive care unit (NICU) admission, fresh stillbirth (fetal death, with no signs of maceration), early neonatal death (death of a live born neonate at discharge or within 7 days after birth), and perinatal death (fresh stillbirth or early neonatal death).
Potential confounding variables that were available in WHOGS and WHOMCS databases included both individual and facility characteristics. Individual characteristics were maternal sociodemographic and obstetric characteristics (i.e marital status, maternal age, maternal education, parity); maternal underlying disease (HIV/ chronic hypertension/malaria/dengue fever/heart/lung/renal disease/anaemia); obstetric complications (i.e preeclampsia, eclampsia); and fetal and neonatal characteristics (i.e fetal presentation, severity of preterm birth, birth weight, sex). We used the facility complexity index (FCI) to determine the level of services available in each of the facilities and to summarize a facility's capacity to provide obstetric care (which has been used in previous WHOMCS analyses) 37 . Since there were differences in some composite variables of FCI available in MCS compared to GS, for consistency, we used the FCI score calculated from MCS in both datasets. Scores for the sampled facilities varied from 12 to 57 points.
Statistical analysis.
Characteristics of the participants were described using frequency and percentage for categorical data. To investigate the association between MOD and adverse pregnancy outcomes, odds ratio (OR) and 95% confidence intervals (95% CI) were estimated using generalized linear mixed model with forward stepwise procedure. We also performed sub-group analyses of the risks for adverse perinatal outcomes according to fetal presentation. We expected poorer perinatal outcomes for newborns at earlier gestational ages, hence we also conducted a stratified analysis by severity of preterm birth: extremely preterm birth (<28 weeks), very preterm birth (28-< 32 weeks) and moderately preterm birth (32-< 37 weeks). These models were adjusted for potential confounding factors; facility was also adjusted as a random effect. VB was treated as a reference group. The Akaike's information criterion 38 was used to assess the goodness of fit of the model at p < 0.05. All analyses were performed using R program 39 , and the lme4 package 40 was used for generalized linear mixed model. ethics approval. The GS and MCS were approved by the WHO Ethical Review Committee and the relevant ethical clearance mechanisms in all facilities.
